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摘要 
低碳烷烃选择性氧化制烯烃一直是石油化工领域的热点课题，它将成为新世
纪石油化工研究开发的重点之一。而丙烯作为一种重要的有机石油化工原料，用
途十分广泛，因此，开展丰富的丙烷氧化脱氢制丙烯（ODHP）具有很好的研究
前景。目前，该反应主要存在的问题是生成物丙烯较反应物丙烷更活波，更易被
氧化，因此，如何设计开发一种具有高活性、高选择性的催化剂是催化工作者为
之奋斗的目标。 
近年来，铈基催化剂的研究越来越受到关注，有文献报道，磷酸铈用于异丁
烷氧化脱氢具有很好的反应活性，而本课题组先前的工作也发现由溶胶-凝胶法
制备的磷酸铈催化剂具有很好的丙烷氧化脱氢反应性能，但关于磷酸铈催化剂性
能的影响因素以及作用机理尚未进行深入研究。本文以磷酸铈催化剂为研究对象，
以丙烷氧化脱氢为目标反应，重点研究制备方法以及预处理条件对该催化剂结构
和性能的影响。主要结果如下： 
(1) 采用溶胶凝胶法、沉淀法、水热法制备了一系列磷酸铈催化剂，研究了
制备方法对磷酸铈催化剂丙烷氧化脱氢反应性能的影响。结果表明，制备方法对
磷酸铈丙烷氧化脱氢的性能有很大的影响，其中以溶胶-凝胶法制备的磷酸铈催
化剂性能最优，沉淀法和水热法制备的催化剂活性较差，而商品磷酸铈催化剂的
催化活性最低。结合 XRD、BET、Raman、H2-TPR 等技术对催化剂的表征和 ODHP
催化反应性能的评价结果发现，磷酸铈催化剂的 ODHP 性能与其表面铈（Ⅳ）
氧物种的含量以及状态有着密切的联系，表面高分散铈（Ⅳ）氧物种含量越多，
越易被还原，其 ODHP 性能越好。 
(2) 以沉淀法制备的磷酸铈催化剂为主要研究对象，对其进行不同气氛（N2、
H2、Air）的预处理，试图对磷酸铈催化剂表面铈（Ⅳ）氧物种的状态进行调变，
进而考察催化剂丙烷氧化脱氢反应性能的变化。首次发现，H2 预处理使催化剂
的 ODHP 反应性能显著改善。当预处理温度为 700 ℃，预处理时间为 1 h，反应
温度为 550 ℃时，其丙烷的转化率由原来的 3.1 %提升至 21.7 %，丙烯的收率也
由原来的 2.3 %提升至 12.3 %。 
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(3) 采用 XRD、TEM、BET、H2-TPR、Py-IR 以及 UV-vis 等表征技术，对
H2 预处理后以及 H2 预处理再氧化后的催化剂的结构和性质进行了详细的表征。
结果表明，CePO4 催化剂表面的铈（Ⅳ）氧物种经 H2 预处理先被还原，后又被
反应气氛中的氧气再次氧化，而这种还原再氧化的过程使得催化剂表面高分散铈
（Ⅳ）氧物种的含量增多、可还原性增强；而掺杂在磷酸铈体相内的惰性铈（Ⅳ）
氧物种除大部分转化为 CePO4 以外，一部分转化为表面高活性的铈（Ⅳ）氧物
种，由此导致磷酸铈催化剂 ODHP 反应性能的提高。 
 
关键词：丙烷；氧化脱氢；丙烯；磷酸铈催化剂；制备；H2预处理 
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Abstract 
Selective oxidation of low carbon alkane to olefins is the hot topic in the field of 
petrochemical industry and it will become one of the key points in the research and 
development in the new century. As a kind of important organic petrochemical raw 
materials, propene is widely used. Therefore, it is very promising to carry out 
oxidative dehydrogenation of propane to propene (ODHP). Currently, the main 
problem of this reaction is that the product propene is more active than propane and 
easy to suffer from oxidation. Therefore, how to design the catalysts with both high 
activity and high selectivity is the goal of the catalytic researchers. 
In recent years, the research of cerium-based catalysts has been attracted more 
and more attention. It has been reported that the cerium phosphate catalysts has an 
excellent performance for oxidative dehydrogenation of isobutane to isobutene, and 
our preliminary work also found that the cerium phosphate catalysts synthesized via 
sol−gel route exhibited an excellent performance for oxidative dehydrogenation of 
propane to propene. But the influence factors and mechanism of the cerium phosphate 
catalysts does not been studied deeply. Therefore, in this paper, with the cerium 
phosphate catalysts as research object and the oxidative dehydrogenation of propane 
to propene as target reaction. We studied the influences of the different preparation 
methods and pretreatment conditions on the structure and performance of the catalysts. 
The main results are as follows: 
(1) A series of the cerium phosphate catalysts were synthesized via sol−gel, 
coprecipitation, and hydrothermal routes. The effects of preparation methods on the 
performance of oxidative dehydrogenation of propane to propene were studied. The 
results show that different preparation methods of the cerium phosphate catalysts have 
great influences on the ODHP performance. The catalyst prepared by sol−gel route 
has the best catalytic performance, the catalytic performances of cerium phosphate 
catalysts prepared by precipitation and hydrothermal routes are poor and the catalytic 
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performance of commercial cerium phosphate catalysts is the lowest. XRD、BET、
Raman、H2-TPR and TEM techniques were used to study the structure and properties 
of the catalysts. Based the results of characterization and catalytic performance, it is 
proposed that the content and state of surface cerium oxide species on cerium 
phosphate catalysts is closely related to the ODHP performance. The more cerium 
species on the surface are, the easier they are reduced and the better performance of 
the catalysts are. 
(2) The cerium phosphate catalysts synthesized via precipitation route was used 
as the main research object. The state of surface cerium oxide species were modulated 
by pretreating the cerium phosphate catalysts with different atmospheres (Ni, H2, Air). 
Then we studied the influences of the catalysts pretreated by different atmospheres on 
the ODHP performance. It is the first discover that the cerium phosphate catalysts 
pretreated by H2 has a significant impact on the catalytic performance. When the 
pretreatment temperature is 700 ℃, the pretreatment time is 1 h, the conversion of 
propane is increased from the original 3.1% to 21.7%, and the yield of propene is also 
increased from 2.3% to 12.3% at 550℃. 
(3) XRD、TEM、BET、H2-TPR、Py-IR and UV-vis techniques were used to study 
the structure and properties of the cerium phosphate catalysts pretreated by H2 and 
reoxidation. The results show that the cerium oxide species on the catalysts pretreated 
by H2 were reduced, and then been oxidized again in the reaction atmosphere. Among 
this reduction-reoxidation process, on one hand, the reducibility of the surface cerium 
oxygen species （Ⅳ）is improved, on the other hand, some of the inert cerium oxygen 
species doped in the cerium phosphate catalysts are partially transformed into the 
highly active cerium oxygen species which are able to be reduced and reoxidized. The 
remaining is transformed into CePO4. Both of these are enhanced the catalytic 
performance of the cerium phosphate catalysts.  
 
Keywords: Propane; Oxidative Dehydrogenation; Propene; Cerium Phosphate 
Catalysts; Preparation; H2 Pretreatment
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